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A layman's 
overview of 
1-Wire technology 
and its use 

Dallas Semiconductor designs and develops tecfmology 

based nn a single bus master that transmits digital 
communications and operating power for multiple slaves 
over a single twisted-pair cable. An important aspect of 
this technology is that every slave has a globally unique 
digital address. This technology is called 1-Wire*, 
because it uses a single wire (plus ground) to accomplish 
both communication and power transmission. This 
article briefly discusses the protocol and introduces a 
variety of applications. 

What is flie l-Wire net? 

The 1-Wire net is a low-cost bus based on a PC or micro- 
controller communicating digitally over twisted-pair cable 
with 1-Wire components. The network is defined with an 
open-drain (wired-AND) master/slave multidrop architec- 
ture that uses a resistor pull-up to a nominal 5V supply at 
the master. A 1-Wire net-based system consists of three 
main elements: 1) a bus master with controlling software 
such as the TMEX™ iButtcm® viewer; 2) wiring and asso- 
ciated connectors; and 3) 1-Wire devices. The system 
permits tight control because no node is authorized to 
speak unless requested by the master, and no communica- 
tion is allowed between slaves except through the master. 

The 1-Wire protocol uses conventional CMOS/TTL logic 
levels with operation specified over a supply voltage 
range of 2.8V to 6V. Both master and slaves are config- 
ured as transceivers permitting bit sequential data to flow 
in either direction, but only one direction at a time, with 
data read and written least significant bit (LSB) first. An 
economical DS9097U COM port adapter interfaces the 
RS-232 to the net. A DS2480 serial 1-Wire line driver 
chip is also available to generate the proper signals and 
programmable waveforms that maximize performance. 

Data on the 1-Wire net is transferred by time slots. For 
example, to write a logic one to a slave, the master pulls 
the bus low for I5|is or less. To write a logic zero, the 
master pulls the bus low for at least 60|as to provide timing 
margin for worst-case conditions. A system clock is not 

1-Wire andiButton are registered trademarks of Dallas Semiconduetor. 
TMEX is a trademark of Dallas SemioonducW, 



required, as each 1-Wire part is self-clocked by its own 
internal oscillator synchronized to the falling edge of the 

master. Power for chip operation is derived from the bus 
during idle communication periods when the DATA Une is 
at SV ^ indudiig a Wf-wave mctii^ m. estch skve. 

WfaenevOT iie data line is pulled high, the diode in the 

half-wave rectifier turns on and charges an on-chip 
capacitor. When the voltage on the net drops below the 
voltage on the a^adtor, the diode is reverse biased, which 
isolates the charge. The resulting charge provides the 

energy source to power the slave during the intervals when 
the net is pulled low. The amount of charge lost during 
these periods is replenished when the data line returns 

high. This concept of "stealing" power from the net by a 
half-wave rectifier is referred to as "parasite power." 

When communicating, the master resets the network by 
holding die bus low for at least 480^s, releasing it, and 
then looking for a responding presence pulse fi-om a slave 
coimected to the Une. If a presence pulse is detected, it 
then accesses the slave by calling its address, controlling 
the information transfer by generating time slots and 
examining the response from the slave. Once this 
handshake is successful, the master issues necessary 
device-spedfic commands and performs any needed data 
transfers between it and the slave. The master can select a 
single slave fiom many on the net because of its unique 
digital address. 

A iiniqae address for every part 

Within each 1-Wire slave is stored a lasered ROM section 
with its own guaranteed unique. 64-bit serial number that 
acts as its node address. This globally unique address is 
composed of eight bytes divided into three main sections. 
Starting with the LSB, the first byte stores the 8-bit family 
codes that identify the device type. The next six bytes store 
a customizable 48-bit individual address. The last byte, Ae 
most significant byte (MSB), contains a cycUc redundancy 
check (CRC) with a value based on the data contained in 
the first seven bytes. This allows the master to determine if 
an address was read without error. 'WHi a 2^smal number 
pool, conflicting or diq)licate no(te ^dresses on the net are 
never a problem. 

Because 1-Wire devices can be formatted with a file 
directory like a floppy disk, files can be randomly accessed 
and changed without disturbing other records. Information 
is read or written when the master addresses a device 
connected to the bus, or an iButton is touched to a probe 
somewhere along the 1-Wne net. The inclusion of up to 
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64k of memory in l-Wire chips allows standard informa- 
tkxi su(^ as ranpkryee nmne, ID nomb^, and security level 
to be stored within the device. Maximum data security can 
be provided by 1-Wire chip implementation of the US 
government-certified Secure Hash Algorithm (SHA-1). 

Historically, die 1-Wire net was envisioned as a single 
twisted pair routed throughout the area of interest with 1- 
Wire slaves daisy-chained where needed. However, if the 
network is heavily loaded, it may be preferable or even 
necessary to separate the bos into sections. TMs has die 
added benefit of providing information about the physical 
location of a 1-Wire device on the bus, which facihtates 
troubleshooting. By using one section as the main "trank" 
and adding or removing segment "branches" with a 
DS2409 as needed, a true 1-Wire net is created. This also 
reduces the load seen by the bus master to that of the trunk 
and those segnmts connectBd to it by activated DS2409s. 

Consequentiy, tiie DS2409 MicroLAN™ coupler is a key 

component for creating complex 1-Wire nets. It contains 
MAIN and AUX transmission-gate outputs and an open- 
chain output transistor (CONT), each of which can be 
remotely controlled by the bus master. A simple 1-Wire 
branch with DS2430 EEPROM connected to label the 
node provides tagging information specific to that partic- 
ular node such as location and function. The LED attached 
to the CONT output provides visual indication of the 
specific branch being addressed and can be blinked by 
software for extra visual impact. 



General-purpose 1-Wire net example 

Combining the DS2409 with its DS2406 low-side cousin 
builds a general-purpose 1-Wire net. Figure 1 shows two 

DS2409s used to select an arbitrary row, while one 
DS2406 dual low-side switch is used to select an arbitrary 
column. As shown, they form a simple 2x2 array with 
LEDs to visually indicate the specific intersection 
addressed by the bus master. The array can be easily 
expanded in either the X or Y direction by the addition of 
more DS2409s and/or DS2406s. In tiiis manner an M by 
N array of arbitrary size may be implemented, limited 
only by net loading. 

In operation, the master selects both the AUX output of 
the DS2409 that controls the row of interest and the 
column output of the corresponding DS2406 intersecting 
that row at the required position. For example, if the AUX 
output of the top DS2409 and die B output of die DS2406 
are both turned on, the position in the upper right-hand 
comer of Figure 1 is selected (as highlighted with heavy 
lines). This connects the iButton probe at the intersection 
of the selected row and colunm to the master so die serial 
niunber of the 1-Wire device (if any) at that point can be 
read. To indicate which intersection is addressed, the 
master switches the selected DS2409 from its AUX 
output to its main output. By default this causes the 
CONT pin to turn on, grounding the gate of the associated 
PMOS transistor and turning it on. With the pass tran- 
sistor on, power is supplied to the LED at the selected 
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Figure I. Two DS2409s and a DS2406 help form a general-purpose 1-Wire net with visual indicators. 
MicroLAN is a trademark of Dallas Semiconductor. 
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intersection and turns it on. If desired, the DS2409 can be 
switched repeatedly between main and AUX 0a^uts 
causing the LED to blink for greater visual effect. If the 
main outputs of all DS2409s are turned on, the LEDs in 
the entire column of the selected DS2406 torn on. 
Alternately, if the outputs of all DS2406s are turned on, 
the LEDs in the entire row of the selected DS2409 turn 
on. Consequently, turning on all column and row switches 
illuminates the entire array, which serves as a convaoient 
test to verify that the system is fully functional. While a 
DS9092 iButton probe is shown in the example, solder- 
mount 1-Wire devices could be used as well. 

Addressable digital instruments 

In addition to the DS2406 and DS2409 1-Wire control 
chips, several digital functions such as temperature sensors 
and analog-to-digital converters (ADCs) are available. 
These ICs measure a wide variety of physical properties 
over the 1-Wire net. A distinct advantage of l-Wire instru- 
ments is that all communicate using 1-Wire protocol 
regardless of the particular property (for example, voltage, 
current, and resistance) being measured. Other methods 
employ a variety of signal-conditioning circuitry such as 
instrumentation amplifiers and voltage-to-frequency 
converters, which out of necessity makes their outputs 
different and often requires separate cables for each sensor. 

The unique ID address of each device is the key for the 
bus master to interpret what parameter a particular 1-Wire 
instrument is measuring. Several examples of 1-Wire 
instrumentation for environmental measurement are 
presented later in this article. Note that all circuit 
examples use a BAT54S dual Schottky diode and input 
capacitor to provide a local source of power. The 
remaining Schottky diode in the package is connected 
across DATA and GND and provides circuit protection by 
restricting signal excursions that go below ground to 
approximately -0.4V. Without this diode, negative signal 
exciursions on the bus in excess of 0.6V forward bias the 
parasitic substrate diode and interfere with chip function. 

Our first example uses the DS2423 counter, wMch has 

inputs that respond to logic-level changes or switch 
closures. This makes it suitable to implement a variety of 
tally or rate sensors. A circuit example using magnetically 
actuated reed switches is shown in Figure 2. In the 
circuit, an external IMQ pull-down resistor is used from 
the inputs to ground to prevent generating spurious counts 
during turn-on and to minimize noise pick-up. With 
lithium backup, this circuit is used to build a 1-Wire rain 
gauge and a hub-mounted wheel odometer. In those appli- 



cations, a small permanent magnet moves past Hie reed 
switch each time a tipping bucket fills and em^ies or the 
wheel rotates one full turn, respectively. This momentarily 
closes the reed switch, incrementing the counter to indicate 
O.Olin of rain fall or one revolution. The circuit is also 
used in a 1-Wne weather station to measme wind speed. 

Measuring humidity on tlie 1-Wire net 

Humidity is an important factor in many manufacturing 
operations and also affects personal comfort. With the 
proper sensing element, it can be measured over the 
1-Wire net. The sensing element specified here develops a 
linear voltage versus relative humidity (RH) output that is 
ratiometric to supply voltage. That is, when the supply 
voltage varies, the sensor output voltage follows in direct 
proportion. This requires measuring both the voltage 
across the sensor element and its output voltage. In 
addition, calculating true RH requires knowing the temper- 
ature at the sensing element. Because it contains all the 
necessary fimctions for calculating, the DS2438 with its 
two ADCs and a temperatine sensor makes an ideal choice 
for constructing a humidity sensor. In Figure 3, the analog 
output of the HIH-3610 humidity-sensing element is 
convoted to digital by the main ADC input of a DS2438. 
The bus master first has Ul, the DS2438, report the 
supply voltage level on its Vdd pin, which is also the 
supply-voltage for U2, the sensing element. Next, the 
master has Ul read the output voltage of U2 and reports 
local temperature from its on-chip sensor. Finally, the 
master calculates true RH from the three parameters 
supplied by m. 
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Figure 2. The basic DS2423 counter circuit uses a reed switch 

as an input. 
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Figure 3. A DS2438 with parasite power is UetA to eoHStruct 
a humidity sensor. 



Measuring barometric pressure 
on tibe 1-Wire net 

Barometric pressure is another important meteorological 

parameter that can be measured over a 1-Wire net using the 
DS2438. By selecting a ratiometric pressure sensor that 
contains comprehensive on-chip signal-conditioning 
circuitry, the cimuit is very stndghtforward. You must 
know both the output voltage representing atmospheric 
pressure and the supply voltage across the element to accu- 
rately calculate barometric pressure. Because the 
MPXA4115 pressure sensor can require as much as 10mA 
at 5V, an external power source is needed. Note that 
external power should also be connected to the DS2438's 
power pin. This allows the DS2438 to measure the supply 
voltage applied to the pressure-sensing element. Flexible 
tubing can be routed to sample the outside air pressure and 
avoid unwanted pressure changes (noise) caused by doors 
and windows opening and dosing or elevators moving 
inside the building. 

Measuring wind directimi on tfie net 

The original 1-Wire weather station used DS2401s to 
label each of the eight magnetic reed switches in its wind 
direction sensor, as shown in Figure 4. A single DS2450 
quad ADC can perform the same function with five 
resistors. As the wind rotates the wind vane, a magnet 
mounted on a tracking rotor opens and closes one (or 
two) of the reed switches. When a reed switch closes, it 
changes the voltages seen at the input pins of Ul, the 
DS2450. For example, if the magnet is in a position to 
close SI (north), the voltage seen on pin 7 changes from 
Vcc to '/iVcc. or approximately from 5V to 2.5V. Since 
all 16 wind vane positions produce unique 4-bit signals 
from the ADC, it is only necessary to indicate north, or 
specify which direction the wind vane is currently 
pointing to initialize the sensor. 



Because two reed switches are closed when the magnet 
is midway between them, just eight reed switches 
indicate 16 compass points. Referring to the schematic 
and position 2 in Table 1, which lists the voltages seen at 
the ADC inputs for all 16 cardinal points. Observe that 
when SI and S2 are closed 3.3V is applied to ADC 
inputs B and C. This occurs because the parallel combi- 
nation of pullup resistors R2 and R3 act as a single 
resistor half their value coimected in series with Rl to 
form a voltage divider with 0.66Vcc across Rl. Note 
that this condition occurs twice more at switch positions 
4 and 16 generating 3.3V at those cardinal points also. 



Table 1. Wind vane position versus ttie 
at the four DS2450 ADC inputs 



CARDINAL 
FOUNTS 


VOLTAGE 
INPUT AT 


VOLTAGE 
ESPUTAT 


VOLTAGE 
ESPUTAT 
B(V) 


VOLTAGE 
INPUT AT 
A(V) 


1 


5 


2.5 


5 


5 


2 


5 


3.3 


3.3 


5 


3 


5 


5 


2.5 


5 


4 


5 


5 


3.3 


3.3 


5 


5 


5 


5 


2.5 


6 





5 


5 


2.5 


7 





5 


5 


5 


8 








5 


5 


9 


5 





5 


5 


10 


5 








5 


11 


5 


5 





5 


12 


5 


5 








13 


5 


5 


5 





14 


2.5 


5 


5 





15 


2.5 


5 


5 


5 


16 


3.3 


3.3 


5 


5 



Meamrii^ solar nufimice on tlie net 

The amount of sunlight and its duration are additional 
parameters easily measured with 1-Wire sensors. The 
amount is a measure of air and sky conditions, while 
duration is related to the equinoxes and the length of the 
day. Although die mechanical and optical implementa- 
tions tend to be complex, the electronics can be easily 
created using a DS2438. Figure 5 illustrates a solar- 
radiance sensor built using a sense resistor connected in 
series with a photodiode. Light striking the photodiode 
generates photocurrents that develop a voltage across the 
sense resistor that is read by the ADC. Optical filters can 
be added to control both the wavelength and optical 
bfmd^ass to which the sensor responds. 




Figure 4. A DS24S0 ^pmd ADC-based wind-dlrecMen senmr measures 16 compass poaUs. 



Measuring a thermocouple on the 1-Wire net 

One can also measure extreme temperatures using conven- 
tional thermocouples (TC) that aie directly digitized at the 
cold junction using a DS2760 multifunction 1-Wiie chip. 

The twisted-pair cable of the 1-Wire net covers the 
distance between the TC and bus master, effectively 
replacing the expensiw TC extraisicm cable notmany used. 
Because of its unique ID address, multiple smart TCs can 
be arbitrarily placed where needed along the net, greatly 
minimizing the positioning and cost of an installation. 
With an LSB of 15.625m,V, the chip can directly digitize 
the millivolt-level output produced between the hot and 
cold junctions of the typical TC as its on-chip temperature 
senscH' continuously monitors the temperature at the cold 
junction of the TC. It contains user-accessible memory for 
storage of sensor-specific data such as TC type, location, 
and the date it was placed into service. This information 
minimizes the probability of error due to the mislabeling 
of sensors. Thus, a DS2760 can be used with any TC type 
because the bus master's calculations are based on the 




Figure 5. The amount of sunlight available can be easily measured 
wiA a pihotSode emd a DS2438. 



Stored data and the temperature of the cold jimction, as 
reported by tiie cm-chip temperature srasor. Figure 6 illus- 
trates both the simpUcity and ease with which a DS2760 
can be used to convert a standard thermocouple into a 
smart sensor with multidrop capability. Adding Rl allows 
Vdq to be measured, which is usefiil in tioubleshooting to 
verify that the voltage avsulabte on the 1-Wire net is witlun 
acceptable limits. 

Sunmisury 

l-Wire technology made possible the combination of 

electronic communication and instrumentation based on 
positive identification of individual nodes on a single 
self-powered net. Continued development of the tech- 
nology has increased the array of 1-Wire chips able to 
interface with the environment, measuring events, 
voltage, current, temperature, position, etc. In turn, these 
chips enabled the construction of sensors that measure a 
host of environmental parameters on a single twisted-pair 
cable as described within this article. 




Figure 6. A DS2760 can convert a conventional TC into a smart 
sensor with nudtidrop capability. 
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Including ROM, EPROM, and EEPROM in 1-Wire 
slaves in a stainless-steel case called an iButton further 
enabled a personal electronic authentication. Personal 
and data security advanced with the creation of SHA-1- 
based 1-Wire chips in iButtons for use with monetary 
transactions. Whether housed in an armored stainless- 
steel iButton or standard IC ])ackages, 1-Wiie communi- 



cation uses a noncritical two-contact interface. 1-Wire 
technology is now used for transportation tokens, identi- 
fication badges, entry security, and after-market control. 
New applications are continually being added. Visit 
www.ibutton.com/solutions to learn more about commer- 
cial ventures using 1-Wire technology. 
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Telecom template 
measurement and 
compliance 



In the telecommunication industry; it is often necessary to 
design equipment that interfaces with older and existing 
telecommunication systems. To ensure that a piece of 
equipment functions properly in a legacy system, several 
application-dependent specs are defined for manufac- 
turers to follow. These specs pertain to data transfer, 
signal timing requirements, and functions that must be 
executed when data-transfer errors are detected. One 
group of specs particularly important to manufacturers 
of data transmission equipment concerns transmission- 
signal quality. Depending on the type of system, there is a 
spec for how the transmission signal should appear. The 
measured signal should fit within a predefined template 
called a pulse mask. This article examines the specifica- 
tions for Tl, T3, El, and E3 pulse masks and testing trans- 
mission signals for pulse-mask compliance. It also 
discusses some of the problems that can occur when 
testing multipart transmission devices. Maxim/Dallas 
Semiconductor has a line of multipart transceivers for 
both Tl/El systems and T3/E3 systems, as well as support 
hardware to make testing the pulse mask for multipart 
devices easier. Interface and pulse-mask specifications for 
T1/E1/T3/E3 networks follow. The specifications for the 
digital networks were taken from the International 
Telecommunication Union (ITU) document G.703, 
October 1998, and the American National Standard for 
Telecommunications (ANSI) doamtent ANSI Tl. 102-1993. 

Table 1. Tl interface qiedfication for pulse mask 



Tl pulse-mask template 

The first and most common digital transmission system in 
North America is a Tl networic (1.544Mbps). This system 
of transmitting digital data was developed in the mid 
1960s for public telephone providers. Since then, Tl 
networks changed their fiinction from transmitting strictly 
digital voice conversations to large data packets that are 
the core transmission technology for applications such as 
wide area networks (WAN) and the Internet. 

For each Tl Une, the physical connection that a customer 
sees is always two twisted-pair Unes: one for the transmit 
data and one for the receive data. Both are differential 
pairs that are terminated with a lOOQ resistive load. To 
measure the pulse mask, the transmit-data path is selected 
and measured at the end of the transmission line. Many Tl 
transceivers provide options to compensate for the 
resistive and capacitive loading of the transmission line by 
adjusting the amplitude of the Tl pulse. Dallas 
Semiconductor/Maxim has Tl transceivers that can be 
configured for both short-haul (DSX-1) lines, which can 
be up to 655ft with 22 AWG cable, and long-haul (CSV) 
lines, which are rated to a maxim of -36dB of signal loss. 
This is normally referred to as the line build-out (LEO) of 
the transmission line. Within the short-haul (DSX-1 ) hnes 
and long-haul (CSU) lines, Dallas Soniconductor/Maxim 
Tl transceivers can be set for the proper LBO. Tl interface 
specifications for a pulse mask are found in Table 1. 

Regardless of how the Tl device is configured, the Tl 
signal must fit within the pulse mask at the end of the 
line when transmitting an isolated pulse. An isolated 
pulse is normally a positive pulse that is both preceded 
and followed by a certain number of zeros. The number 
of zeros required is determiaed by the spec ANSI 
Tl. 102-1993. 



BNTERFACE PARAMETERS 


SPECIFICATIONS 


Nominal line rate 


1.544Mbps 


Medium 


One balanced twisted pair is used for each direction of transmission. 


Isolated pulse 


A positive pulse that is preceded by four zeros and followed by one or more zeros. 


Test-load in^edance 


A resistive test load of 1 OOQ ±5%. 


Pulse amplitude 


The pulse amplitude for a positive isolated pulse is between 2.4V and 3.6V. 


Pulse shape 


The shape of every pulse that approximates an isolated pulse conforms to the 
mask in Figure 1. This shape is shown in a normdized form, with the nominal 
pulse ampUtude shown as 1.0. 



9 




Figure 1. Tl pulse amplitude ( 1.544AIbps) is measured in (te center 
of the pulse located at time TO. 

tX pulse masks are nocmalized wh^ displayed in gr^hical 

form with the nominal pulse amplitude of 1.0 inside the 
mask. The pulse amplitude is measured in the center of the 
pulse located at time TO in Figure 1. If the amplitude at TO 
is within 2.4V and 3.6V, the signal is scaled linearly to 
determine if it fits the pulse mask. 

El pulse-mask template 

There are other digital ttansmission systems besides Tl 
networks. One common system used widely in Europe 
and Asia is El (2.048Mbps). From a broad overview, El 



networks are similar to the Tl networks with some minor 
differene^ to iie Mne rate and numbar of ebannels per 
frame. El networks still require two connectors (one used 
to transmit data, the other to receive data) and a resistive 
termination at the end of the line; the signals require that 
pulses meet a specified template. However, the spec for 
El requires that all the pulses meet the template and not 
just an isolated pulse (Figure 2). El is tested at Oft, or at 
the source of the El pulse, while Tl pulses must meet the 
template for the entire line length. Two types of cables are 
used in El mode: 75£2 coaxial cable and a 120Q twisted- 
pair cable. Both cables have different associated nominal 
amplitudes. For the 15Q. coaxial cable, the amplitude 
must be 2.37V ±10% at TO. For the 120Q twisted-pair 
cable, the amplitude must be 3.0V ±10%. This pulse must 
fit within this template and cannot be scaled. Table 2 
^ows El int^ace ^)ecificaticms for a pulse mask. 

T3 and E3 pulse-mask template 

When higher data rates are needed, T3 and E3 lines are 
often used. A T3 hne (44.736M!^) handles up to 28 Tl 
lines or 21 El lines; an E3 line (34.368Mbps) can hold up 
to 16 El hues. As with Tl and El networks, the T3 and E3 
pulses must also meet a specified template. See Flares 3 
and 4 for a graphical representation of each template. Both 
the T3 and E3 pulses are terminated with 75Q resistive 
loads. T3 pulses must meet the template for the entire line 
lengft, which cm be up to 450ft. E3 signals are measured 
at the source. T3 and E3 interface specifications for pulse 
masks are shown in Tables 3 and 4, respectively. 

Pulse-mask testing 

Testing the pulse mask of a transmission device is a 
standard practice for not only the manufacturer, but also 
for the end users of telecommunications equipment. To 



Table 2. El interface specification for pulse mask 



INTERFACE 
PARAMETEBS--,.., 


SINGLE .EJNDED ,^,.,.;„.„;_ „ 




Nominal line rate 


2.048Mbps 


2.048Mbps 


Medium 


One coaxial pair is used for 
each direction of transmission. 


One balanced twisted-pair cable is used 
for each direction of transmission. 


Test-load impedance 


A resistive test load of 75Q ±5%. 


A resistive test load of 120£2 ±5%. 


Pulse amplitude 


The nominal pulse amplitude for 
a positive isolated pulse is 2.37V. 


The nominal pulse amplitude for 
a positive isolated pulse is 3.0V. 


Pulse sh^e 


Every pulse conforms 
to the mask in Figure 2. 


Every pulse conforms 
to the mask in Figure 2. 



10 




Figure 2. Every El pulse (2.048Mbps) nuist coitform to the shape 
cfthe template and not just cm isolated pulse. 



Table 3. T3 interface ^leciflcation for pulse mask 





Nomfflal liiK late 


44.736Mfap8 


Medium 


One coaxial pair is used for 
direction of transmission. 


Isolated pulse 


A positive pulse that is preceded 
by two zeros and followed 
by one or more zeros. 


Test-load impedance 


A resistive test load 
of75n±5%. 


Pulse aiiq>litude 


The pulse amplitude for a 

positive isolated pulse is 
between 0.36V and 0.85V. 


Pulse shape 


The shape of every pulse 
that approximates an isolated 
pulse conforms to the mask in 
Figure 3. This shape is shown 
in a normalized form, with 
the nominal pulse amplitude 
shown as 1.0. 



Table 4. E3 interface specification for pnlse mask 





Nominal line rate 


34.368 Mbps 


Medium 


One coaxial pair is used for 
each direction of transmission. 


I esx-ioau unpeoance 


A resistive test load 
of75Q±5%. 


Pulse amphtude 


The nominal pulse amplitude 
for a positive isolated 
pulse is l.OV. 


Pulse shape 


The shape of every pulse 
that approximates an 
isolated pulse conforms 
to die mask in Figure 4. 



perform this test, place the device in a mode where it is 
constantly transmitting a known data pattern. Tl and T3 
networks have a spec to ensure that an isolated pulse is 
produced. For Tl signals, an isolated pulse is one 
preceded by four zeros and followed by one or more 
zeros. An isolated pulse for T3 signals is a pulse that is 
preceded by two zeros and followed by one or more 
zeros. To reduce the reflections during the measurement 
of the pulse nmsk, it is hi#ily r@commaided to maximize 




Figure 3. T3 pulses (44. 736Mbps) must meet the template far 
the entire line length. 



if 




Figure 4. E3 puke (34.36Sl0)ps) Mgm^ ar» mimwed 
at the source 



the number of zeros before transmitting a one. El and E3 
signals require that all pulses meet the specified template 
so there is not a spec for an isolated pulse. 

The transmission line is flien loaded with the appropriate 
resistor value and connected to an oscilloscope for 
measurement. Figure 5 shows two common termination 
schemes. The upper drawing diagrams the proper way to 
terminate the differential transmission line. The scope must 
be set to receive a differential signal for this to function 
properly. Tl networks require a lOOQ ±5% resistive termi- 
nation as flie load; therefore, 50Q ±5% resistors are used on 
TTIP and TRING. For El, which is 120Q terminaticm, two 
60£2 ±5% resistors are used. 

Viewing the pulse mask of a transmission signal while 
concurrently using the remaining channels of the oscillo- 
scope for other purposes is often recommended. This 
requires use of an active differential probe — several are 
on the market. Use one that has the desired impedance 
termination and is rated for the oscilloscope being used. 
Tektronix, LeCroy, and HP all make differential probes 
with termination that can be used with Tl or El transmis- 
sion signals. 

The lower termination scheme in Figure 5 is for single- 
ended transmission lines. To measure this pulse mask, 
simply add the termination resistor as close as possible to 
the high-impedance input of the oscilloscope. This will 



minimize the reflections and noise detected by the oscillo- 
scope when making die pulse-mask measurement. 

When different LBOs are required, as with Tl and T3 
networks, a line simulator is usually added to provide proper 
capacitive loading on the transmission line (Figure 6). 

Problems with testing pulse masks 

A problem can develop with multiport transmission 
devices. While there are a number of multichannel oscil- 
loscopes on the market that can measxire multiple pulses 
at once, many of the line simulators are single-port only. 
An N X 1 switch matrix is required to fully utilize both 
the line simulator and the oscilUscope without constantiy 
moving cables for measurement. Maxim/Dallas 
Semiconductor developed two matrix cards that solve 
this problem and provide a GPIB interface for communi- 
cating to the board remotely. Both matrix boards are 
designed to be impedance controlled to reduce reflec- 
tions in the measured signal. Also, each matrix board 
has a separate transmit and receive path for each signal 
path. This is useful when testing for receiver sensitivity. 

Figure 6 represents a multiport Tl/El single-chip 
transceiver (the DS21Q55) and a T3/E3 line-interface unit 
(the DS3154) with the associated hardware required for 
making a pulse-mask measurement 

In the upper block, notice the DSMATl 10X8 between the 
DS21Q55 and the line simulator as well as the 
DSMAT75X12 between the DS21Q55 and the oscillo- 
scope. The DSMATl 10X8 is an 8 x 1 matrix card specifi- 
cally designed for diflfer^tial telecom signals diat require 
lOOQ to 120Q impedance matching. The DSMAT75X12 



TWISTED-PAIR CABLE > 60n/50n 




Figure 5. The upper drmvfng ilkstrates the proper way to lerminale 
the d^erential transmission line, while the lower one is a 
termination example for single-ended transmission lines. 



is a 12 X 1 matrix with 75Q impedance matching and is 
designed for single-ended signals. The DS21Q55 can 
operate in both Tl and El modes with a variety of termi- 
nation configurations: 75Q/100Q/120Q. With so many 
configurations, checking if the device will meet pulse 
mask in all possible applications for every port quickly 
becomes difficult. The two matrix cards make this much 
easier by allowing the user to isolate signals on a certain 
port through a specified path. For example, in Tl mo^ a 
differential signal of 1 OOQ is required and the device must 
meet the template up to 655ft. By using the 
DSMAT110X8 card and the line simulator, the pulse 
mask can be measured for all possible LBOs. However, in 
El mode a differential signal of 120^2 or a single-ended 
signal of 75Q may be selected depending on the applica- 
tion. Therefore, the appropriate matrix must be used to 
prevent shorting one of the differential signals from the 
El twisted-pair cable. Pulse-mask testing for El is done at 



Oft only so the line simulator is set for pass-through mode. 
It simply depends on how the device is configured. 

The lower block in Figure 6 shows another multiport 

device, the DS3154. This device is similar to the 
DS21Q55 as it can switch between two different transmis- 
sion modes, which in tbis case are T3 and E3. The specs 
for T3 and E3 call for 75Q termination so only the 
DSMAT75X12 card is necessary. But again, for T3 mode 
the device must meet template for the entire LBO, so a 
line simulator is necessary. For E3 mode the line 
simulator is set in pass-through mode. 

As the port counts increase on the data transmission 
equipment, so does the need for testing the transmission 
signal for pulse-mask compliance quickly and rdUbbly. 

Dallas Semiconductor/Maxim developed solutions to 
satisfy fliis need for both Tl/El and T3/E3 applications. 
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DESIGN SHOWCASE 



Reducing error in bandgap-based 
temperature sensors with curve fitting 



Direct-to-digital temperature sensor ICs commonly use a 
bandgap proportional-to-absolute temperature (PTAT) 
architecture to produce relatively high-accuracy measure- 
ments at a reasonable price. Maxim/Dallas Semiconductor 
uses unique manufacturing methods to provide factory- 
calibrated bandgap/PTAT-based temperature sensors with 
accuracy as high as ±0.5°C. This level of accuracy is 
sufficient for many applications, however, some scientific 
and industrial apphcatiom leguire even greats jnecision. 

An inherent curvature in the bandgap voltage coefficient 

limits how precisely bandgap-based temperature sensors 
can be calibrated beyond a narrow temperature range. 
Fortunately, the nonlinearity of the voltage coefficient 
has a second-order shape. This makes it simple for the 
user to improve the accuracy by up to lOx by mathemat- 
ically compensating for the offset and curvature of the 
error characteristic. This improvement is achieved by 
"fitting" a second-order equation to the device error 
curve, and then using the customized equation to 
partially eliminate the error at a given temperature. The 
details of this curve-fiifeg technique are expired in 
tliis article. 
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Figure 1. The seecnd-order ciinatiire /.s dearly visible in the 
DSl&i example of measurement error vs. RTD 
meamred temperature. 



Concept 

The PTAT node in bandgap circuits has a voltage coeffi- 
cient that increases monotonically with increasing temper- 
ature and is highly stable over time and environmental 
stresses. These characteristics make the bandgap PTAT 
node an excellent temperature-measurement device that 
provides high accuracy imder the appropiate calibration 
conditions. 

Although the PTAT characteristic is approximately linear, 
it has a slight second-order curvature, which translates to 
a second-order errot relative to the ambient temperature. 
To illustrate this point, a DS1631 IC was used to measure 
the temperature in a thermally conductive liquid bath at 
5°C intervals over a -3°C to +85 °C temperature range. 
The temperature of the liquid was simultaneously 
measured by a NIST traceable platinum RTD to provide a 
very accurate temperature reading for the liquid during 
each DS1631 measurement. Figure 1 shows a plot of the 
DS1631 measurement error relative to the RTD measure- 
ments. In this figure, the second-order curvature is clearly 
visible. Notice that this plot has a negative offset at the 
center of the curve. This offset was intentionally intro- 
duced during calibration so the accuracy at the central 
temperatiure was reduced, but the overall accuracy was 
higher over a wid^ tempoature range. 

The error-correction method presented in the following 

section compensates for both the curvamre and offset of the 
output characteristic of bandgap-based temperature sensors. 

Im^emmtation 

The second-order error characteristic of bandgap-based 

temperature sensors (like the one shown in Figure 1) is 
represented by the following equation: 

Ettot = OFFSET + a(Tre - TzERo_SLora)^ W 



where Txs is the temperature measured by the tempera- 
ture sensor, a is a curvature correction coefficient. 
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Figure 2. This excanpie cf afitted-error curve relative to DS1631 
measurenmU error iUustrates the hj^h level of occwracy 
rmparedfor some scient^ and industrial appUeaiions. 



TzERO_SLOPE is the temperature at which the error curve 
has zero slope, and OFFSET is the error at Tzero_SLOPE- 
After determining values for a, OFFSET, and 
TzERO_SLOPE so Equation 1 provides a close fit to the 
temperature sensor's ou^ut-eiT@r curve, the user can 
calculate the approximate measurement error at any 
temperature and then compensate for the error by 
subtracting the calculated value fixnn the measured Vanpex- 
atuie. Thus, the cqrapeasated tem^iNalwg m calciiliitBd as: 



^COMP 



= Tn 



TS ■ 



• Error = 



Tts - [OFFSET + a(TTs - Tzero_slope)' ] (2) 



Note that it may take several iterations to arrive at values 
for T2ero_slope. offset, and a that provide the best- 
fit curve. Once initial estimations for Tzero_slope and 
OFFSET have been made, a can be calculated with 
readily available ma& or spread^ieet software. 

For best results, eadi tenqimture semor staald be charac- 
terized over the required temperature range to determine 
the best-fit calcuMed'^TdirctKye for a specific device. 

Example 

This example uses the DS1631 data fi-om Figure 1 to 

illustrate the compensation technique described above. 
From examining Figure 1, Tzero_SLOPE for this device is 
estimated at +15°C and OFFSET at -0.23°C. Plugging 
these values into Equadon 1 and then solving for a gives 
a = 1.28 X 10 ", which provides a very close fit to the 
measured error curve as shown in Figure 2. The error of 
the comprais^ed temperature (calculated with Equation 2) 
relative to tl« RTD measured temperature is illustrated in 
Figure 3. The compensated error is less than ±0.06°C 
over the entire -35°C to +85°C temperature range, 
whereas widiout correction, the error was +0.5°C/-0.3°C 
over the entire range. Thus, this compensation technique 
provides much higher accuracy over the device's charac- 
terized temperature range than can be obtained with 
standard factory calibration. .^Iso. if the DS163rs 
EEPROM registers are not required for thermostatic 
operation, this compensation technique can be simplified 
by storing the compensation coefficients in them. 
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Figure 3. Compensated error provides much higher accuracy over the device 's characterized temperature range than standard factory calibratiorL 
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DESIGN SHOWCASE 



Using spFead-spectrum oscillators to reduce 
radiated emissions in consumer products 



In 1975 the Federal Communications Commission (FCC), 
the government agency that regulates radio frequency 
(RF) emissions in the United States, enacted new regula- 
tions called FCC Part 15. These were not directed at 
controlling equipment such as radio and TV transmitters, 
or aircraft-navigation and emergency beacons diat deliber- 
ately radiate high-power RF energy. Instead, these regula- 
tions sought to control equipment that did not deliberately 
radiate RF energy such as televisions, automobiles, and 
low-power, unregulated RF radiators such as walkie- 
talkies and electronic remote controls. 

A good example of the impetus behind these regulations 
occurred years ago at Dallas/Fort Worth Airport. Pilots, 
during takeoffs and landings, reported loss-of-control situ- 
ations with recently developed electronic flight-control 
systems. The FCC traced the cause to interference from 
remote-controlled garage-door openers in homes in the 
surrounding suburban areas. The Part 15 regulations 
addressed this problem by requiring that all electronic 
equipment sold in the U.S. be tested and certified to 
ensure against radiated RF energy that could cause 
malfonctions in oth^ electroxiic devices. 




Figure 1. Consumer electronics radiate unintentional RF energies. 



During the 1980s and 1990s, electronic devices from 
microwaves to cell phones proliferated. Cross interference 
between these devices became a problem. Microwave 
ovens interfered with pacemakers, while cable modems 
interfered with cordless phones. Similarly, computer 
monit(»s radiated enough RF otiergy that interfered with 
most other electronic equipment in tbdr vicinity. 

The FCC and other regulatory bodies such as the Electro 
Magnetic Compatability (EMC) agency in Europe, 
responded with tighter regulations regarding these 
emissions in all electronics. In the U.S., FCC Part 68 
regulated industrial and commercial electronic devices. 
Part 68, Class A involved equipment used in an indus- 
trial environment while Part 68, Class B addressed 
consumer products. This article will concentrate on 
Class B electronics only. 

What fure radiated ^lisdoiis in cmisumer 
products? 

Any piece of electronics that has a changing electrical 
signal radiates emissions. In the case of the PC mother- 
board with a clock running at a certain frequency, it will 
radiate RF energy ti^iljy centered on flie frequency of the 
master oscillator. 
Definitions: 

• Radiated susceptibility is the sensitivity of a piece of 
electronic equipment to interference fixim outside RF 
energy sources. 

• Radiated emissions are RF energies unintentionally 
radiated by a piece of electrical equipment, such as a 
PC or monitor, which might have some impact on 
anoth^ ^ece of electrical equipment (Figure 1). 

If the radiated RF energy from a PC motherboard is 

measured, radiation spikes at the oscillator's center 
frequency are present (Figure 2). FCC requirements for 
consumer products (FCC Part 68, Class B) require fliat 
radiated emissions must be below a specified maximimi 
value. Ironically, it does not linnit the total energy an elec- 
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Figure 2. Radiation from crystal oscillator-based consumer products 
can exceed FCC-mandated limits urtless peak-radiated 
en^ssions are reduced. 



tronic device can radiate, only the ammit mergy fliat 
may be radiated at any one frequency. 

A traditional, older method of reducing radiated emissions 
involved contaimnent. A personal computer used its 

grounded steel cabinet as a shield to intercept and 
dissipate the energy radiated by the motherboard. Plastic 
cabinets used in enclosed electronic devices were often 
coated with a metallic layer and grounded to achieve the 
same purpose. As electronics proliferated and became 
increasingly smaller, containment techniques became 
more diEBcult to accomplish. Higher clock speeds of elec- 
tronics included higher harmonic frequencies that forced 
the designer to use shielding, such as EMI filtering, and 
careful circuit layout to reduce radiated emissions. This 
approach became costly and more difficult as consimner 
electronics shrunk. A new method was ne^ied to reduce 
these peak-radiated emissions. 

By spreading or dithering the frequency of a system's 
clock, radiated emissions can be "smeared" over a narrow 
spectrum, reducing the peak-radiated emissions at any one 
frequency. This simphfies the design engineer's task and 
reduces the cost of the manufactured product. Over the 
past few years, this use of spread-spectrum clock oscilla- 
tors to reduce peak-radiated emissions gained popularity 
in everything from PC motherboards to printers. 



History dT Spread sp^ctarim 

During WWII, the U.S. Navy was having problems with 
radio-controlled torpedoes that were being "jammed" by 
high-strength RF signals tuned to the same frequency as 
the transmitting radio. This is an example of radiated 
susceptibilty. In August 11, 1942, Hedy Keisler Markey 
and George Antheil were granted U.S. Patent Number 
2,292,387 for a "Secret Communication System" that 
solved this problem. The device used a mechanism to 
rapidly switch between frequencies on the transmitter 
(this technique is now called frequency hopping). A 
similar device on the receiver in the torpedo switched 
between the same frequencies and captured the trans- 
mitted signal. The signal controlling the torpedo never 
remained at any individual frequency long enough to be 
jammed by an external RF signal at a single firequency. 
A more sophisticated version of this technique was used 
half a century later to reduce interference in communi- 
cation devices such as cellular and cordless phones. 

Using spread-spectrum techiK>l<^ to induce 
radiated emissions 

While the term spread spectrum is used in techniques for 
reducing radiated emissions in consumer electronics, the 
application is different than that used in devices such as 
cordless phones. In the cordless phone (or remote- 
controlled torpedo) the operating frequency of both the 
transmitter and receiver are swept over a band of 
frequencies in unison, reducing radiated susceptibility at 
any one frequency. 

The use of spread-spectrum technology for RF reduction 
in unintentional transmitters in consumer products such 
as PCs, involves sweeping the clock that drives the PC 
over a band of frequencies. Thus, any radiated emissions 
are spread over the band, and only a small amount of the 
total energy is radiated at any one frequency. This 
reduces the peak energy at that frequency to below the 
FCC mandated levels. 

The above method applies a signal to the oscillator that 
moves the frequency as aftmction of the signal level. In its 
simplest form, a triangle signal is allied to flie oscillator, 
which varies the oscillator's frequency as a function of the 
triangle ampUtude (Figure 3). Actually, the shape of the 
signal ^)pUed can vary sli^tly from diis triangle example. 

Figure 4 is the radiated emission output of a dithered 
DS1086 oscillator compared to that of the crystal 
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Figure 3. The signal's frequency is selected so that it is much lower than the oscillator it is dithering. Consequently, electronics driven by the 
osaUator are not <^<ecled by npid frequency changes. 



oscillator shown earlier. The graph also shows DS1086 
with both a 0% dithered output and a 4% dithered output. 
The graph demonstrates how the "spreading" of an oscil- 
lator's frequency reduces the peak radiated emissions at 
any particular frequency to below the FCC-mandated 
levels. 

TheBS1086 

The DS1086 is an EconOscillator™ designed to induce 
dither in the oscillator output, reducing radiated emissions 
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Figure 4. Radiated emission reiliiction iisinii spread-spectrum 
techniques. The radiated emissions of the zero-dither 
DSI086 and other EconOscillators such as the 
DS1073. DS1075. and DSI077 are less than that of the 
crystal oscillator due to the inherent dithering 
characteristics of an all-silicon oscillator. 

EconOscillator is a trademark of Dallas Serrticonductor. 



in systems from printers to gaming consoles. The device 
consists of a programmable 66MHz to 133MHz clock- 
frequency generator tunable in 5k increments through a 2- 
wire interface. This, in conjunction with a 5-bit divider 
chain, provides for a broad selection of frequencies 
ranging from 2S8kHz to 133MHz. Input pins provide 
control for gating the clock output, turning on and off the 
dither, and disabling the master. Three ditho" options are 
selectable: 0%, 2%, and 4%. Unlike low-EMI oscillators 
from other manufacturers, the DS1086 requires no external 
crystal or clock reference for operation, making it the 
smallest footprint, low-EMI clock available (Figure 5). It 
is available in an 8-pin SO package. 

Like other EconOscillators, flie DS1086 uses a precisely 

controlled digital-to-analog converter (DAC) in conjunc- 
tion with a calibrated voltage-controlled oscillator (VCO) 
to generate its center-frequency output. Frequency 
dithering is injected into the output frequency by summing 
a triangle-wave voltage signal into the VCO input. The 
triangle wave's amplitude determines the percentage dither 
in the ou^ut clock. This can be set at 0%, 2%, or 4%, 
depending on the application. Note that the 0% dither 
selection has approximately 1% dither that is intrinsic to 
the architecture of all EconOscillators. Even standard 
EconOscillators with this characteristic have up to a 
lOdBm reduction in radiated spectrum when compared to 
a crystal oscillator, without any additional circuitry. 

Summary 

FCC radiated emission compliance standards for 
consumer electronics made design efforts increasingly 
difficult for the circuit designer. Higher clock speeds 
include higher harmonic frequencies that force the 
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Figure 5. The DS10H6 uses the oscillaior JoiiihI in ollu r EconOsciBatars t^emg wi^ a triangU-wmK Mgrwd^uU is applied to the mlU^ 

controlled oscillator, thus dithering the output. 



designer to use shielding, EMI filtering, and careful 
circuit layout to reduce radiated emissions. By adding FM 
modulation or dithering to the frequency of a system's 
clock, radiated emissions can be spread over a narrow 
spectrum, reducing the peak-radiated emissions at any one 
frequency. This simplifies the designer's engineering task 
and can reduce die cost of the manufactured iHt)ducL In 



the past few years, the use of spread-spectrum clock oscil- 
lators gained popularity. The characteristics of the clock 
are a relatively precise short-term stability of frequency, 
usually on the order of 200ppm to 300ppm. The long-term 
frequency stability is swept over frequency values ranging 
from 72% to 4% of the oscillator's center frequency. 
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